Far-infrared probe of superconductivity in SmOi_xFa;FeAs 
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We report far-infrared reflectance measurements on poly crystalline superconducting samples of 
SmOi_a;Fa;FeAs (x = 0.12, 0.15 and 0.2). We clearly observe superconductivity induced changes 
of reflectivity in a broad range of energies, which resembles earlier optical measurements on high 
Tc cuprates. The superconducting-to-normal reflectivity ratio Rs/Rn grows for the photon energies 
below 18 meV and shows a complicated structure due to the presence of a strong infrared-active 
phonon at about 10 meV. 

PACS numbers: 74.25.Gz,74.25. Jb,74.70.Ad 



The discovery of high Tc superconductivity in the iron 
pnictides[lj has provoked a vivid debate concerning the 
microscopic origin of superconductivity in these 3d tran- 
sition metal compounds. Motivated by the fact that elec- 
tron correlation effects play a dominant role in the phys- 
ical properties of 3d transition metals, it is believed that 
the pairing interaction in the iron pnictides is mediated 
by coupling to spin-fluctuations as opposed to phonons 

iiial. 

Far infrared optical spectroscopy is an important probe 
of the superconducting state relative deep inside the sam- 
ple due to the fact that the skin depth at these frequencies 
is on the order of 100 nanometer. For superconductors 
with a Tc of 10 K or more the gap is in range of mod- 
ern infrared spectrometers Q. Also the other parameters, 
such as the scattering rate, the plasma frequency, and the 
intrinsic c-axis Josephson plasma-frequencies of strongly 
anisotropic high Tc superconductors usually fall inside 
the range of infrared and optical spectrometers Q. We 
measured the reflectivity of SmOi-^^F^^FeAs polycrystals 
above and below the superconducting transition. The 
samples were synthesized by conventional solid state re- 
action as described elsewhere lol. [lot . The grain size is 
estimated to be maximum 3 /im[10j. Because of a rela- 
tively large porosity, we have chosen to use unpolished 
surfaces for infrared measurements. 

In Fig[l] the resistivity curves are given that show the 
critical temperature of about 20 K, 39 K and 45 K for x 
— 0.12, 0.15 and 0.2 respectively. As expected, the dop- 
ing also increases the sample metallicity. Magnetic AC 
susceptibility on the same specimens (Figl2]) shows the 
superconducting transition at approximately the same 
temperatures as in Fig[Tl however, the curves for the two 
highest doping levels show a "double-transition" struc- 
ture due to the granular nature of these samples [l3| . 

The far infrared reflectance coefficient R of the three 
samples at room temperature obtained using a gold mir- 
ror as a reference are shown in Fig. [3l The reflectivity is 
quite low due to a combination of two factors: First, the 
specular reflection from a rough surface falls rapidly as 




FIG. 1: The resistivity of the SmFeAsOi-xFa, samples with 
different doping as a function of temperature. 

a function of decreasing wavelength due to diffuse scat- 
tering. In addition, in view of the structural similarities 
to the cuprates, the optical anisotropy is expected to be 
high, and the metallic screening along the c-axis is ex- 
pected to be much weaker than along the planes. The 
reflection coefficient becomes an effective medium aver- 
age of both crystallographic directions, intermediate be- 
tween the ab-plane and the c-axis response. In view of 
the fact that it is impossible to obtain separate ab-plane 
and c-axis tensor components from the optical response 
of a polycrystalline sample, we will concentrate here on 
the reflectivity spectra and the influence of the supercon- 
ducting phase transition on those spectra. 

At ambient temperature all reflection coefflcients ex- 
hibit the -for a metal- characteristic Hagen Rubens be- 
haviour (1 — i? oc w^/^) for (jj — > 0. In this limit the 
reflectivity increases with increasing fluor concentration. 
The features at 100 cm^^ (12 meV), 220 - 270 cm^^ (27 
- 34 meV), 380 cm"! (47 meV) and 440 cm"! (55 mcV) 
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FIG. 2: The low temperature magnetic AC susceptibility of 
the SmFeAsOi-iFa; samples with different doping. 
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FIG. 3: Reflection coefficient of poly crystalline unpolished 
samples of SmFeAsOi-a^F^, with doping levels x = 0.12, 0.15 
and 0.2. 



are probably all due to phonons "with their polarization ei- 
ther along or perpendicular to the planes. The positions 
of these peaks confirm the infrared spectroscopic data 
on (Nd,Sm)FeAsOo.82Fo.i8 [H, LaFeAsOo.gFo.i [H and 
CeFeAsO 

The effect of the superconducting phase transition on 
the infrared response is revealed by the temperature de- 
pendence of the reflectivity for four different photon en- 
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FIG. 4: Temperature dependence of the reflectivity ratio at 4 
different energies for SmFeAsOo.8Fo.2. 
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FIG. 5: Reflectivity ratio for the sample with a;=0.2 for differ- 
ent temperatures. All reflectivity graphs are divided by the 
reflectivity at 45 K. 



ergies (6.2, 15, 20 and 37 meV), presented in FigH] A 
sharp up"ward kink at Tc is observed at lo"w energies. The 
curve at higher energies also sho"w a clear kink in the 
opposite direction. The observation of large reflectivity 
changes associated "with the superconducting phase tran- 
sition justifies us to concentrate in the remaining discus- 
sion on the reflectivity ratios R{T)/R{Tn) normalized by 
the reflectivity at a temperature T„ just above Tc. 

This ratio, sho"wn in FiglS] for the x = 0.2 sample, 
has a rich structure as a function of frequency: In the 
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FIG. 6: Reflectivity ratio Rs/Rn for samples with doping 
levels of 0.12, 0.15 and 0.2. Rs is taken at 12 K and R„ is the 
reflectivity at a temperature just above Tc. 



superconducting state, the reflectivity ratio increases be- 
low 18 meV reaching a maximum value of 1.12 at about 
7 meV and lowers at higher photon energies, showing 
a pronounced dip at 20 meV. This behavior agrees with 
the Mattis-Bardeen model for a BCS superconductor, but 
would also be consistent with the appearance of a strong 
plasma mode due to the condensate. As in the earlier 
infrared experiments on polycrystalline samples of the 
high- Tc cuprates 1J| it is premature to distinguish be- 
tween these two possibilities. In the first scenario, the 
value of the 2A can be very roughly estimated to be be- 
tween 10 and 20 meV, which would not be inconsistent 
with the weak-coupling BCS gap ratio, observed in a re- 
cent point-contact tunneling measurement [l5| . 

Several additional spectral structures, in particular the 
prominent dip at about 11 meV, reveal the presence of 
infrared optical phonons, the strength in the reflectivity 
signal of which changes when the sample becomes su- 
perconducting. The dip in the reflectivity ratio reveals 
a temperature evolution whereby the peak seen at room 
temperature at 12 meV transforms into a minimum at 11 
meV at low temperature. This is the expected behaviour 
when metallic screening of the phonon is very weak or 
absent above Tc, and forms only in the superconducting 
state. Since the conduction along the ab-plane is metal- 
lic, we attribute the 11 meV dip in the reflectance ratio 
to a c-axis optical phonon, and we conclude that the con- 
ductivity along the c-axis has an evolution as a function 
of temperature which is strongly similar to the cuprates, 
i.e. incoherent above Tc, and coherent below Tc[8|. The 
weaker structure between 25 and 35 meV is probably also 
due to phonon modes. It is less likely that the dip at 20 
meV is due to a lattice vibration given the absence of 
any structure in the absolute reflectivity spectra in this 



range. 

Fig. [HI shows the reflectivity ratio for three different 
doping levels. Comparing to the highest doping of 0.2, 
we see that for x= 0.15 and 0.12 the low energy structures 
have strongly reduced in intensity and also have slightly 
shifted to lower frequencies. For x — 0.12, almost no 
effect of the superconducting transition is discernible. 
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FIG. 7: The spectra of Rs/Rn for three different supercon- 
ductors with similar values of Tc- 



We compare the superconducting-to-normal state re- 
flectance ratio spectra for polycrystalline samples from 
different families of superconductors with Tc in the 
same temperature range. Fig. [7] presents Rs/Rn of 
SmFeAsOo.aFn.2 {T, = 45 K), Lai.85Sro.i5Cu04 (Tc 
= 37 K) fTej and MgBz (Tc = 40 K) [l^. The 
Lai.85Sro.i5Cu04 spectra are an effective medium [ist 
simulation taking the experimental ab-plane and c- 
axis dielectric function measured of single crystal 
Lai.85Sro.i5Cu04 as input parameters[l6j|. 

The comparison between these three reveals, that 
the spectral range where the superconductivity induced 
changes of SmFeAsOo.8Fo.2 and Lai.85Sro.i5Cu04 are in 
the range of 25 meV (about 9 times k^Tc), whereas 
for MgB2 this only 15 meV (4 times ksTc). While 
this energy does in general not correspond directly to 
the gap value, the similarities between SmFeAsOo.8Fo.2 
and Lai.85Sro.i5Cu04, sets them apart from the electron- 
phonon mediated superconductor MgB2. 

In summary, we have measured far-infrared reflectiv- 
ity spectra of the new superconductor SmOi-ajF^jFeAs 
{x — 0.12, 0.15 and 0.2) in the normal and supercon- 
ducting states. The temperature dependent reflectivity 
of polycrystalline samples shows a sharp superconduct- 
ing anomaly. It strongly increases for the photon en- 
ergy smaller than 18 meV and decreases at higher en- 
ergies. However, the shape of the superconducting-to- 
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normal state reflectivity ratio is also affected by an opti- 
cal phonon at about 11 meV. The energy scale where 
superconductivity has an noticeable effect on infrared 
spectra is quite broad, comparable the one in high 
cuprates and much larger than in MgB2. Although the 
observed spectra are consistent with a BCS superconduc- 
tivity, at this stage we cannot reliably extract the value 
of the gap given the strong anisotropy and a possible 
presence of the c-axis Josephson plasmon (as observed 
in cuprates) . Future measurements on single crystals arc 
needed to obtain quantitative results on, for example, the 
optical conductivity tensor of these strongly anisotropic 
materials. 
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